The effects of delayed or prolonged fixation on immunohistochemical detection of bovine viral diarrhea virus (BVDV) antigen were evaluated in skin. Ear-notch specimens from 2 calves persistently infected with BVDV type 1 were handled in 1 of 3 ways: 1) fixed in formalin promptly and processed for immunohistochemistry (IHC) after 3-176 days; 2) held at 3-4ЊC in plastic bags up to 10 days, then fixed in formalin for 2-5 days before processing; or 3) exposed to room air and temperature for 1-5 days before formalin fixation. Immunohistochemical staining intensity was evaluated without the knowledge of specimen handling. Staining of specimens that had been promptly fixed in formalin was moderate to strong at all fixation periods through 36 days, weak or no staining was evident in specimens fixed for 176 days. Refrigerated specimens typically had moderate to strong immunohistochemical staining. Even after 10 days of refrigeration before fixation, all immunohistochemical reactions were positive. However, no immunohistochemical staining was detected in any specimen that was exposed to room air. Results indicate that prompt formalin fixation is optimal for BVDV IHC. Samples can be held in formalin at least 36 days, without loss of reactivity. A 1-day delay in fixation caused no loss of reactivity, provided the specimen was refrigerated and protected from desiccation.
Identification and elimination of persistently infected calves is critical in controlling infection with bovine viral diarrhea virus (BVDV), a major cause of disease and economic loss in the cattle industry. 1 Immunohistochemistry (IHC) on formalin-fixed skin biopsy specimens is a highly sensitive test for persistent BVDV infection, 1, 4, 7, 8 although it may also detect acutely infected cattle, 3 and is used to screen entire herds or calf crops for persistently infected animals. However, little is known about the effects of biopsy handling on IHC reactivity. Fixation may be delayed if formalin is not available at the time of biopsy. Alternatively, the practice of holding specimens in formalin until multiple animals have been biopsied to economize on shipping costs and laboratory fees may result in excessive fixation. The purpose of this study was to examine the effects of delayed formalin fixation and prolonged formalin fixation on the detectability of BVDV antigen in skin specimens by IHC staining.
Two weanling crossbred beef calves were diagnosed with persistent BVDV infection by reverse-transcriptase polymerase chain reaction test on the buffy coat of pooled blood samples and by IHC on skin biopsy specimens, as part of a herd screen. Three weeks and 5 days after the initial sampling, the calves were euthanized. Blood was again submitted from each calf for individual polymerase chain reaction (PCR) tests, which were positive for BVDV. Specimens from lung, spleen, ileum, and lymph node of each calf were fixed in formalin, processed routinely, and embedded in paraffin. Subsequently, RNA was extracted from 20-m-thick-paraffin sections and amplified by reverse transcription PCR. Sequences of 221 bases from the 5Ј untranslated region were identical in the 2 calves and most closely matched BVDV type I. 6 Multiple full-thickness specimens of skin from the pinna of each calf were obtained immediately after euthanasia and were handled in 1 of 3 ways. 1) Prompt fixation. Specimens were immersed in 10% neutral-buffered formalin at 22-24ЊC within 5 minutes of procurement. Specimens were removed from formalin and processed routinely into paraffin blocks after 3, 5, 10, 15, 22, 28, 36, or 176 days. 2) Refrigeration and delayed fixation. Specimens were sealed in plastic bags within 30 minutes of procurement and refrigerated at 3-4ЊC for 1, 3, 5, or 10 days, then placed in formalin for 2-5 days before processing. 3) Exposure to air and delayed fixation. Specimens were exposed to room air and temperature (22-24ЊC) on a styrofoam tray for 1, 3, or 5 days, then placed in formalin for 2-5 days before processing.
Histologic sections were prepared from all paraffin blocks on the same day. Immunohistochemistry 5 with antibody to BVDV a was performed in an automated slide-processing system b in 1 run. An ear-notch biopsy sample strongly positive for BVDV antigen by IHC, which had been promptly fixed in formalin and routinely processed, was included on each slide as a positive tissue control. As a negative reagent control, a serial section of each block was incubated with normal mouse immunoglobulins instead of the primary antibody. Microscopic slides with IHC-stained sections were randomly numbered and evaluated by 1 pathologist without knowledge of fixation procedure. The intensity of immunohistochemical staining in epidermis and in hair follicles (fol- licular epithelium and dermal papilla) was graded as follows: 3 (strong), intense and diffuse staining; 2 (moderate), patchy staining or less-intense diffuse staining; 1 (weak), weak and patchy staining; or 0, no visible reaction. Table 1 shows the IHC grading of promptly fixed specimens that were held in formalin for 3-176 days before processing. The IHC reaction intensity did not differ between epidermis and hair follicles or between calves. Maximal IHC reaction intensity was obtained in specimens fixed in formalin for 5 days; lowest mean intensity (2 ϭ moderate) was recorded in specimens fixed in formalin for 10 days. No individual reaction grades lower than 2 (moderate) were observed through 36 days in formalin when the mean score was still 2.75. However, after 176 days in formalin, calf 1 had only weak follicular staining intensity and no apparent epidermal IHC reaction, whereas calf 2 had no apparent reaction in hair follicles or epidermis. Table 2 shows the IHC grading of specimens that were refrigerated in plastic bags or exposed to room air before formalin fixation for 2-5 days. Pinna specimens refrigerated in plastic bags for 1 day before fixation in formalin had mean IHC reaction intensity of 2.8 (range 2-3). After 3 days of refrigeration, specimens became gelatinous with separation of skin from cartilage and occasional weak IHC reactions in hair follicles, but mean IHC reaction intensity was 2.0, and only positive reactions were recorded even after 10 days refrigeration. On the other hand, specimens that were exposed to air rapidly desiccated and became brittle. The ensuing difficulty in histologic processing and sectioning of these specimens resulted in inadequate tissue for evaluation in some cases and accounts for the scores of ND (not determined) in Table 2 . Rehydration in Zimmerman fluid 2 is recommended for fixed tissue specimens that become dessicated from exposure to air during histologic processing. Whether use of this rehydration technique before formalin fixation of the dessicated pinnal biopsy specimens would have alleviated the histologic processing and sectioning difficulties or altered the immunohistochemical reactivity was not determined. When an adequate histologic section was obtained, no reaction was detected in epidermis or hair follicles of either calf at any exposure period.
The authors of this study conclude that prompt formalin fixation and histologic processing into paraffin blocks within 5 days after immersion in formalin is optimal for IHC detection of BVDV antigen in ear-notch biopsies. Although IHC staining intensity was reportedly decreased in specimens fixed longer than 14 days in formalin 1 and in this study was lowest after 10 days in formalin, IHC reaction intensity was at least moderate in all specimens fixed promptly and held in formalin up to 36 days and was as high at 36 days as at 3 days. These findings suggest that BVDV antigen can be detected in persistently infected calves by IHC of pinna skin specimens held in formalin up to 1 month. Storing biopsy specimens in formalin longer than 36 days may result in false-negative IHC reactions. A 1-day delay in fixation caused no loss of IHC reactivity if the specimen was refrigerated and protected from desiccation. Longer delays resulted in decreased IHC staining intensity, but even with a 10day delay in fixation, no false-negative reactions were detected in refrigerated specimens. In contrast, exposure to room air, even for 1 day, resulted in desiccated, brittle specimens that were difficult to process into histologic sections and uniformly yielded false-negative IHC results.
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